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1 INTRODUCTION 
1.1 Background 
One of the key elements in forest inventory is the collection of field measurements. 
Field work is needed for several purposes in forest inventory, for example, for sample 
based inventories, as reference and calibration data in remote sensing based inventories 
or for accuracy evaluation of the results of different inventory methods.  
Forest are more intensely used nowadays and the need for information from 
inventories is continuously growing. Forest inventories are required to give more 
information and with better reliability than in the past (Kalliovirta et al., 2005). Field 
data can be collected to, for example, simulate bucking of trees, analyze forests health 
conditions or estimate forest biomass or carbon store (e.g. Kalliovirta et al., 2005, 
Pesonen, 2010, Kankare et al., 2013, FS-R10-FHP. 2014). 
On the other hand, field work requires a large amount of resources both economic 
and in time, as well as the use of specialized field teams. For example, in stand-wise 
inventories the field data collection represents the largest cost of the forest management 
planning (Kangas et al. 2002). Most often, a compromise must be done between the 
amount and accuracy of the field data collected and the resources that can be assigned 
to it. The importance of field work together with the proportionally large resources that 
it requires, makes finding measuring methods that improve efficiency and accuracy of 
the measurements an important research topic. More efficient field methods and tools 
need to be developed with the objective of providing the desired information within a 
set of requirements with the least costs possible (Kalliovirta et al., 2005). 
In the past decades, forest planning and inventory has been moving towards 
methods based in remote sensing, including satellite imagery and aerial photography, 
and laser scanning data. These approaches require field measurements for modelling 
and calibration of the inventory results (e.g. Maltamo et al. 2007, Melkas et al. 2009). 
Large forest areas inventoried by remote sensing methods use a limited number of 
sample plots distributed throughout the whole area with the intention of representing the 
diversity of the different forest types. A huge task that can benefit from field measuring 
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methods, tools and models that are more efficient than the traditional ones (eg. Melkas 
et al. 2009, Kankare et al. 2013). 
In certain types of inventory, variable-radius-plot (VRP) sampling is a commonly 
used measurement approach, for example in stand-wise (or compartment-wise) or 
satellite imagery inventories based in individual sample plots. This method offers fast 
estimates of the basal area for a forest stand and, thus, allow to measure large numbers 
of plot samples with a limited budget. Traditionally, this method requires a strong 
forestry knowledge from the field personnel which includes strong subjectivity and bias 
especially in stand-wise inventories (eg. Haara and Korhonen, 2004, Kangas et al. 2002, 
Grīnvalds, 2014).  
Many different tools for field measurement have been developed with the above 
mentioned ideas in mind. And the work continues. From different analog and electronic 
angle gauge models to terrestrial laser devices; systems based in traditional cameras and 
lately even mobilephone camera based systems. 
For example, a device called laser-relacope was developed at the University of 
Helsinki for the measurement of tree diameters, basal area and tree locations 
(Laasasenaho et al, 2002, Kalliovirta et al., 2005). Other examples include digital 
hypsometers for the measurements of tree heights, such as the Vertex III, which was 
evaluated by Božić et al. (2005). 
Already in 1998 Juujärvi et al. studied the potential of a single digital camera with a 
distance measurement laser device for the estimation of tree diameters in forest 
conditions, getting to the conclusion that the approach offered a feasible alternative to 
manual measurements. In the same line, Melkas et al. (2008 and 2009) studied the 
Laser-camera, which was able of fast and reliable measurements of tree diameters using 
semiautomatic interpretation.  
Using terrestrial laser scanning (TLS) for forest measurements is also a current 
topic of research s. Although the processing of TLS data was considered a few years 
ago to be complicated (Melkas et al. 2008), this is changing as technology and 
techniques develop. Mass et al. (2008) present an interesting review of different TLS 
devices for the measurement of tree diameter, height and stem profile. Many recent 
articles have covered this topic. In his doctoral thesis, Liang (2013) presents a series of 
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articles on the feasibility of using TLS for forest plot measurements. Liang found in his 
work that, TLS used for plot sampling using fully automated processing can yield tree 
parameters (like tree diameter and height) that are as accurate as those obtained with 
traditional tools or models. Kankare et al. (2013) used TLS for the estimation of forest 
biomass and obtained more accurate results than with other methods. 
As in many other fields, the potential of mobilephones' application to forest field 
inventory is currently seen as an intriguing alternative. Ferster and Coops (2013) 
present a short review of the use of mobilephones for collecting Earth’s surface data, 
such as forest data. In their review, they stress the important role of image analysis and 
computer vision for these methologies. Such techniques have been studied, for example, 
the Technical Research Centre of Finland (VTT) with the purpose of measuring and 
collecting biomass and forest parameters using a specific application, the Relasphone, 
installed in a mobilephone (Molinier et al. 2011 and 2014).  
A private Finnish company, Trestima TM Ltd, has also developed a cloud service 
that uses images obtained with a mobilephone and a specific software application to 
estimate forest parameters (Rouvinen, 2014). In 2013, Trestima was awarded the 
Taksaattoriklubi innovation award by the Finnish Society of Forest Science (Suomen 
Metsätieteellinen Seura, 2013). The system has been studied with positive results in 
different college thesis with satisfactory results for diameter measurements and basal 
area measurements (Sirvio, 2014 and Ikäheimo, 2015). A more detailed study on the 
systems accuracy of the Trestima system indicating good results for diameter, height 
and basal area were has been recently published (Vastaranta et al. 2015). 
From the results of current studies, it seems that mobilephone based measurement 
systems can provide faster measurements with accuracies equivalent to those obtained 
with traditional tools. Besides, systems based on images taken at the forest stands, allow 
reviewing the images at any time. The measurements done with some of these systems 
are automatically calculated using machine vision which also adds objectivity to the 
measurements. 
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1.2 Objectives of the study 
The goal of this thesis is to evaluate the efficiency and accuracy of a new forest 
inventory system, Trestima, in measuring basic forest inventory attributes from sample 
plots. 
The forest inventory attributes studied were the VRP basal area, as well as the 
diameter at breast height (dbh) and height of sample trees. The reference basal area was 
measured using relascope and angle gauge sampling. The reference tree diameters were 
measured with steel calipers a heights with hypsometer. 
In summary, the research questions that this study is looking to answer are 1) to 
assess the accuracy of the Trestima measurements for basal area, tree diameter and tree 
height, in relation to the reference data and 2) is measuring a sample plot with the 
Trestima system faster than using traditional tools? 
The following specific questions about the Trestima system are addressed in this 
thesis: 
(1) the accuracy at which the sample plot basal area can be estimated, 
(2) the accuracy of the mean diameter estimations, 
(3) the accuracy of the mean height measurements and, 
(4) the measurement efficiency, i.e. the time consumption required to measure a 
given number of sample plots. 
The measurements done with the reference method are used as true values, 
disregarding the fact that those values contain different errors (e.g. Laasasenaho & 
Päivinen, 1986, Haara & Korhonen, 2004, Päivinen et al., 1992, Saari & Kangas, 
2005.). The errors in the reference data could not be studied due to their complexity, but 
references to studies discussing the typical errors of traditional tools are provided. 
Another issue that may affect the results is how the bias of the traditional and Trestima 
measurements might interact with each other. For this study, it was assumed that the 
reference measurements are unbiased. 
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2 TRESTIMA FOREST INVENTORY SYSTEM 
2.1 Trestima system introduction 
Trestima is a forest inventory system based on a mobilephone application (Nokia and 
Android phones) and a cloud service. In a nutshell, several different images are taken 
with a mobilephone in a forest stand, then those images are uploaded to the cloud 
service where they are processed to estimate different forest stand parameters (fig. 1). 
The results obtained by Trestima are available within minutes (when the phone is 
connected to internet) via the mobilephone application in the field, a web browser at the 
office or the systems API (application programming interface). 
Three different types of images can be collected by the phone application in the 
field. One for each measured forest parameter: basal area, tree diameter and tree height. 
These three forest parameters are then used to estimate other forest stand information, 
like stem volumes and number of stems. The results are delivered by the cloud service 
as a report to the phone application, to the web browser or can be created in a custom 
format using the system’s API. 
 
 
Fig. 1. Trestima’s workflow (Trestima 2015). 
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The processing of the images is based on the characteristics of the phone’s camera 
(sensor size, angle of vision), different algorithms, machine vision and, if necessary, 
manual interpretation. 
2.2 Measurement of the basal area 
The basal area is measured by interpreting the basal area images in a similar way to the 
measurements done with an angle gauge, that is, by tree count. An important difference 
with the use of a traditional relascope is that the Trestima system uses a dynamic basal 
area factor (BAF) between 0.6 and 1.4 (Trestima 2015). Usually when using a 
traditional relascope, only one basal area factor is used at a measurement location, even 
though a traditional relascope has often the possibility to measure several BAF . 
The basal area images are taken with the camera in panoramic position, and does 
not require any reference element (fig. 2). The trees included in the basal area count are 
marked in the images with a circle. The system also identifies the tree species 
automatically, with different colors to represent the species. Currently, the system does 
not take into consideration the effects of the slope in the forest stand or trees possibly 
hiding behind bigger trees. 
 
 
 
Fig. 2. Basal area measured by Trestima. Relascope count trees are represented by the color circles in 
the image Red stands for spruce, blue for birch and green for aspen. 
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2.3 Measurement of tree diameter and height 
The tree diameter and height are also automatically measured from the corresponding 
images, but the use of a measuring stick is necessary. The reference stick is attached to 
the tree at a height of 1.80 m so that the middle red mark of the stick is at a height of 
1.30 m, which is where the diameter is measured (dbh). The same stick at the same 
position is used to measure both the tree’s diameter and height. 
The processing of the images is done so that the stick’s limits are identified in the 
image and its image length and width are calculated. Since the true measurements of the 
stick are known, its image size can be used to estimate the dimension of the tree. 
The tree diameter image is taken in portrait format and so that the whole reference 
stick is visible and with the phone at the level of the middle mark. To measure a tree 
diameter, the tree trunk’s sides are identified from the image (fig. 3) and since the 
stick’s real dimensions are known, the tree diameter is obtained. 
Also the tree height images are taken in portrait format and so that the whole 
reference stick and the tree top are visible (fig. 4). This might be quite challenging in 
dense forest stands, where the branches of other vegetation might make it hard to 
identify the stick or the tree top. The operator should try to obtain a clear view of the 
      
 
Fig. 3. Trestima diameter measurements for Spruce (left), aspen (center) and birch (right). The same 
color scheme is kept for the diameter images as for the basal area images, red stands for spruce, blue for 
birch and green for aspen. 
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stick and the tree top, changing the stick position if necessary. Particularly, the tree top 
must be clearly distinguishable from the branches and crowns of other trees, otherwise 
the measurement may not be done accurately. The height is then measured in a similar 
way as for the diameter, the stick’s top side and the tree top are identified and using the 
stick as a reference, a tree height is obtained. 
Once the diameter and height images have been uploaded to the cloud service, the 
images are automatically processed and a representation of the measurement is 
displayed on the image (using the cloud service in a web browser). These measurements 
are also color coded with the tree species identified by the Trestima system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Spruce height measurement (left). Details of the treetop (upper right) and the measurement stick 
identification (lower right). Red color indicates spruce. 
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2.4 General and modified Trestima’s work-flow 
The Trestima system is designed to follow the angle gauge stand-wise inventory method 
(Trestima 2015). This method is intended to obtain fast but reliable estimates of 
standing timber for a forest stand by sampling it at different locations. Following that 
method, several basal area images are collected at different points of an homogeneous 
forest stand. The average of the basal area of each of those images is used as an estimate 
of the basal area for that forest stand. At the same time, for each tree species, a few 
representative trees are selected and their diameter and height images are taken. Then 
the average and standard error are calculated from the diameter and height 
measurements taken from the images. 
For the purposes of this study, it was necessary to modify the general work-flow to 
imitate the measurements made with the reference method. That is, measuring variable 
sample plots at a defined location, the plot’s center. 
The reference data was collected so that once the plot center had been located an 
angle gauge was used to collect the basal area for each species by rotating 360 degrees 
in the spot. Then the number of trees whose dbh were just as wide or wider as the BAF 
was counted. Finally, one sample median tree was selected (subjectively) for each 
species and the diameter and height measured. 
 
 
Fig. 5. Field Trestima measurement of basal area. Position  
of the camera in relation to the plot center. 
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In order to obtain comparable measurements using the Trestima system, the basal 
area images were taken from a fixed distance (10 m) around the plot center from four 
perpendicular directions, the first direction being arbitrary (fig. 5). The same sample 
trees that were measured for the reference data were then also measured using the 
mobilephone. 
A significant difference between the design of the reference and the Trestima 
measurements of basal area is that the later was not done from the center, as for the 
reference data. Nevertheless, this design was selected because the objective of the data 
was to be later related to satellite imagery with a pixel resolution of 10 m. Taking 
images from the limits of the satellite imagery pixels was assumed to provide a better 
representation of the pixel forest characteristics. 
2.5 Trestima data 
The system uploads the images as soon as they are taken with the mobilephone 
(provided that an internet connection is available) and are immediately processed. As 
soon as enough images have been processed, results for the forest stand are available 
from the mobile phone (fig. 6) or the cloud service, in the form of a report (fig. 7). The 
data is also available via the system’s API, allowing the download of data from any of 
the images. 
If necessary, manual correction of errors is possible using the cloud service. For 
example, species correction for diameter or height images. 
As a web service, Trestima charges a fee for every image sent to the system for 
processing.  
 
 
Fig. 6. Trestima mobilephone interface. Forest stands. (Trestima 2015). 
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Fig. 7. Trestima web interface. Sample plot’s images index and parameter measurements (left) and report 
calculated by Trestima (right). Inventory plot number 79. 
 
 
3 MATERIALS AND METHODS 
3.1 Study area 
The materials for this thesis were collected in Russia during the months of October and 
November 2013 as part of an operational inventory for Metsä Group. The field work 
was planned to collect data necessary for a satellite image interpretation inventory. 
The field data was collected as sample plots from an extension of about 40, 000 ha 
of commercial forest in the Podporozhsky District, 300 km northeast of St. Petersburg, 
between lakes Ladoga and Onega, along the north side of the Svir River (fig. 8). The 
area presents a smooth relief with little vegetation under canopy. The terrain was not a 
problem for the field teams mobility, although at some locations the road network and 
especially faulty bridges made impossible accessing some of the planned plots, which 
were not measured in the end. There are several swamp zones in the area, but those 
were well known before hand and were avoided when planning the inventory plots. 
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Fig. 8. The study area (red polygons) and the planned plots (black points). (Basemap OpenStreetMap). 
 
3.2 Forest parameters reference measurements 
For the satellite inventory, a total of 199 plots were measured. Nevertheless, only the 
stands where diameters over 7 cm were measured with the Trestima system, which left 
158 plots to be used in this study. 
The plots used in this study were measured as variable radius plots and their forest 
parameters were measured with the reference and the Trestima methods. At every plot, 
the basal area was estimated by species and the dbh and height were measured for one 
sample tree of each species. 
The tree species recorded in the field were Scots pine (Pinus sylvestris, L.), Norway 
spruce (Picea abies, (L.) H. Karst), birch (Betula sp.), aspen (Populus sp.), other 
deciduous, other conifers and standing death trees. The species differentiated with the 
Trestima device, were the same as those in the reference data, only that other deciduous, 
other conifers and standing death trees were combined into the class “other species”. 
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In order to make both datasets comparable, the reference data was reorganized to 
follow the Trestima’s species classification. The appearance of species other than the 
main four species (Scots pine, Norway spruce, birch and aspen) was, very limited and, 
thus, the combination of those into a single class had little influence in the results. In the 
following, the main species may be referred to as pine, spruce, birch, aspen and other. 
The main species found in the area of study was Norway spruce, with a 54.5% of 
the total basal area. Birch (22.3%) and aspen (15.8%) were quite common as well. Scots 
pine (6.2%) was the dominant species in a few plots but otherwise quite uncommon. 
The rest of species and standing death trees accounted only for 1.3% of the dataset’s 
total basal area. 
All the plots used in this study were young or mature stands. Seedling or stands 
with tree diameters under 7 cm were not included, although such plots were measured 
with the traditional method for the satellite image inventory calculations. The study of 
the Trestima system in such plots would have probably required a totally different 
experiment design and, thus, were not included in this study. 
The vegetation composition and density of the stands varied largely between the 
plots. The dataset includes plots with basal area between 7 and 62 m2/ha. Most often, 
the plots were composed of a mixture of the main species. The second most common 
type of stands was that were spruce was the dominant species. A small number of plots 
were dominated by the other main species, pine, birch or aspen. 
The tree diameters collected in the study area vary from 3 to 60 cm and the 
measured tree heights go from 3 to 35 meters. 
It should be notice that the reference data was collected with a precision of 1 m2/ha 
for the basal area, 1 cm for the tree diameters and 1 m for the tree heights. All the 
Trestima measurements (basal area, diameters and heights) were obtained with a 
theoretical precision of several decimal numbers, but were rounded to the closest 
integer number to match the data collected with the reference data. 
3.2.1 Basal area 
The basal area data includes, for every plot, the total basal area and the basal area by 
species. Out of 158 plots, two plots were removed from the data analysis because their 
data was found to be unreliable when the reference data, the Trestima images and the 
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Trestima measurements were compared. Thus, the basal area dataset includes 
measurements from 156 plots. The distribution of the plots according to their total basal 
area can be seen in fig. 9. Table 1 shows the detailed basal area composition of the data. 
The basal area of the four main species and the one for the rest of species and death 
trees was collected for each plot. Note that also the cases without basal area are 
included in the analysis; this is especially noticeable in the case of pine, aspen and other 
groups, which were missing in most of the plots. The distribution of the basal area by 
species in the dataset can be seen from their histograms (fig. 10). The summary of the 
species specific basal area can be seen in table 1. 
 
Table 1. Reference basal area summary (156 plots). For every plot, there is an observation for every 
species. The plot total basal area is, for every plot, the sum of the plot’s species basal area observations. 
Sp Min max mean sd 
Pine 0 27 2 5.1 
Spruce 0 44 18 11.2 
birch 0 27 7.3 6.8 
aspen 0 54 5.2 9.7 
other 0 28 0.4 2.4 
Plot Total BA 7 62 33 10.2 
 
 
 
 
Fig. 9. Reference data. Total plot basal area. 
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Fig. 10. Reference data. Plot basal area observations by species. 
 
3.2.2 Basal area data stratified in mixed and species dominated plots 
In order to see the plot species composition effect on the Trestima measurements 
accuracy, the reference data was stratified as plots dominated by a species (basal area at 
least 80% of the plot’s total basal area) and mixed plots. 
About two thirds of the plots (96 plots) were composed of a mix of two or more tree 
species. The rest were plots dominated by a single species, the most common dominant 
species being spruce (42 plots). The basal area distribution of the species in the different 
plot types is presented in table 2 and in fig. 11. One of the plots had as dominant species 
one not considered as a main species (classified as other), it was not used in the 
analysis.  
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Table 2. Plots stratified by plot’s species structure (n = number of plots). Description of the plot basal 
area data collected as reference, by species and total. 
Mixed stands  n = 96      
Sp min max mean sd      
Pine 0 15 1.6 3.4      
Spruce 0 34 15.7 7.7      
Birch 0 27 9.7 6.5      
Aspen 0 30 6.5 8.7      
Other 0 6 0.3 0.9      
Total BA 9 56 33.8 9.7      
         
Pine stands n = 8   Spruce stands n = 42  
Sp min max mean sd  Sp min max mean sd 
Pine 7 27 19.1 7.2  Pine 0 2 0.2 0.5 
Spruce 0 3 0.4 1.1  Spruce 8 44 30 7.7 
birch 0 0 0 0  birch 0 10 2.8 2.4 
aspen 0 0 0 0  aspen 0 3 0.4 0.8 
other 0 0 0 0  other 0 3 0.2 0.7 
Total BA 7 30 19.5 7.7  Total BA 9 51 33.6 8.5 
           
Bich stands  n = 5 Aspen stands  n = 4 
Sp min max mean sd Sp min max mean sd 
Pine 0 0 0 0 Pine 0 0 0 0 
Spruce 0 3 0.8 1.3 Spruce 5 8 6.8 1.5 
Birch 14 27 19.4 5.9 birch 0 0 0 0 
Aspen 0 1 0.4 0.5 aspen 34 54 42.8 8.8 
Other 0 1 0.2 0.4 other 0 1 0.2 0.5 
Total BA 15 27 20.8 5.8 Total BA 41 62 49.8 9 
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Fig. 11. Reference data plots stratified by plot’s dominant species. Plot total basal area. 
 
3.2.3 Tree diameters at breast height 
A total of 383 tree dbh were collected, varying from 3 to 60 cm. A description of the 
dbh reference measurements by species can be seen in table 3 and fig. 12. 
 
Table 3. Reference measurements for diameters at breast height (dbh). One sample tree was measured for 
every species present at every plot (n = number of trees measured). 
Sp n min max mean sd 
Pine 43 16 50 27.6 8.4 
Spruce 135 3 34 19.3 5.5 
Birch 117 4 38 20.5 6.9 
Aspen 71 6 60 28.6 11.2 
Other 17 4 36 19.4 9.5 
All obs 383 3 60 22.3 8.6 
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Fig. 12. Reference measurements for diameters at breast height (dbh). One sample tree was measured for 
every species present at every plot (n = number of trees measured). 
 
3.2.4 Tree heights 
A total of 354 tree heights were measured, varying between 3 and 35 m. A description 
of the height reference measurements by species can be seen in table 4 and fig. 13. 
 
Table 4. Reference measurements for tree heights. One sample tree was measured for every species 
present at every plot (n = number of trees measured). 
Sp n min max mean sd 
Pine 39 10 31 22.1 5.8 
Spruce 125 3 31 18.6 5.7 
Birch 110 5 32 21.2 6.2 
Aspen 63 8 35 26 6.2 
Other 17 5 32 15.4 6.9 
All obs 354 3 35 21 6.6 
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Fig. 13. Reference measurements for tree heights. One sample tree was measured for every species 
present at every plot (n = number of trees measured). 
 
3.3 Field measuring times 
There were 156 plots with valid time measurements. The description of the data 
collection times when using the reference method can be seen in table 5 and fig. 14. 
The collection of measuring times was done by the field teams along with the rest of 
measurements, using the field inventory sheets (Appendix I) to write down different 
time stamps. These measurements were not as successful as expected, likely due to the 
fact that, being part of a typical inventory, the field teams had a tendency to work as fast 
as possible which probably caused several errors when collecting time information. 
The most common error in the recording of times in the field, was that the starting 
time for the Trestima measurement, the “Intermediate time”, was not recorded (for 69 
out of 156 plots). In some cases, also the “Ending time” was missing from the field 
inventory sheets. 
The “Starting time” registered was correctly recorded in the field sheet and was 
used as the starting time for the reference method. Nevertheless, the time stamps 
registered with the mobilephone images were used as “Intermediate time” and “Ending 
time”. 
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Table 5. Reference method measuring times (n = number of plots). 
 
 
 
 
Fig. 14. Reference method measuring time 
 
 
3.4 Evaluation of the measurements accuracy and Trestima efficiency 
The processing and analysis of the data, as well as, the results presentations were done 
with the statistical programming language R (R Core Team, 2015) and RStudio 
(RStudio Team, 2015). 
All the Trestima measurements (basal area, diameters and heights) were obtained with a 
theoretical precision of several decimal numbers but were rounded to the closest integer 
number, to match the data collected with the reference data. 
For every forest parameter and the plot measurement efficiency, paired datasets of 
reference and Trestima measurements were compared. The general error estimation was 
calculated using the following equation: 
iii yy ε+= ˆ  (1) 
, where  
iy  is the observed reference value for plot or tree i 
iyˆ  is the measurement obtained using the Trestima system for plot or tree i, 
Sp N min max mean Sd 
Plot time 156 3.5 27.5 10.7 3.7 
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Note that with this definition of the error, a negative error indicates overestimation 
and a positive error an underestimation (equation 2). 
The accuracy of the Trestima system for the measurements of the basal area, dbh, 
height and efficiency were evaluated by calculating the biases (equation 2) and root-
mean-squared errors (RMSE, equation 3) as compared with the reference 
measurements. Also the relative values of the bias and the RMSE (equations 4 and 5 
respectively) were calculated. 
A paired Student’s t-test was also used to test if the null hypothesis (that the mean 
of the reference and the Trestima measurements is the same) is true. 
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, where  
n  is the number measurements (number of plots or number of trees), 
iy  is the observed reference value for plot or tree i, 
y  is the observed reference mean of the forest parameter being studied or time 
measurement,  
iyˆ  is the measurement obtained using the Trestima system for plot or tree i,  
 
The t-statistic was calculated (equation 8) and a probability (P value) of the means of 
both method measurements being the same, was obtained. 
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, where  
n is the number of paired observations 
id  is the  difference between a Trestima and reference pair of observations, 
d is the average of the differences between the Trestima and the reference 
measurements, 
2
Ds is the standard deviation of the differences, and 
t  is the t-statistic of the Student’s t-test. 
 
The number of pairs of measurements was equal to the number of plots in the 
dataset for the studies on basal area or measuring times. In the case of the diameter and 
height parameters, the number of pairs was the number of trees measured for each 
parameter. 
Since the biases are calculated as the difference of the reference value minus the 
Trestima measurement, a negative bias indicates overestimation and a positive one 
indicates underestimation. 
3.5 Data collection 
3.5.1 Overview 
For this study, forest data was collected from a total of 158 sample plots. When a plot 
was visited, two different methods were used to measure the same set of forest 
parameters. The first method used traditional instruments to make the measurements 
and was used as reference data for assessing the accuracy and efficiency of the second 
method. For the second method, the data was collected using the Trestima system, 
which is evaluated in this study. 
The field work (reference and Trestima) was done by teams of experienced 
personnel from the local Metsä Group office. Before the field work started, the field 
teams were trained on how to use the mobilephones as a forest measurement instrument. 
The field measurements workflow and the collection of data into the inventory sheet 
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were also practiced. As part of the training, two days were used to measure a few plots 
using the planned workflow and field sheet. 
One of the objectives of this study was to assess the efficiency of the Trestima 
system compared with the reference measurements. For that purpose, the inventory 
sheet included fields for the collection of timestamps (at the beginning and ending of 
the measurements done with each method). 
The data collected at every plot into the field sheet (Appendix I) can be summarized 
as follows: 
• The general plot information (soil class, GPS location, site quality) was 
collected first. The time invested in these measurements was not accounted 
for in the time measurements. 
• The reference measurements (basal area, tree dbh and tree height) were done 
next, using traditional instruments (angle gauge, hypsometer and steel 
caliper) 
• As the last step, immediately after the reference measurements, the Trestima 
system was used to collect the same measurements, using a mobilephone 
and a reference stick. 
The following forest parameters were used in this study: 
• species specific basal area and plot’s total basal area 
• sample median trees’ dbh and height (H) 
• time stamps to measure the time consumed by each method at each plot 
3.5.2 Field inventory sheet and measurements workflow 
In order to keep the data collection as systematic and simple as possible, a custom 
inventory field sheet (Appendix I) was used as a script for the data collection. It 
included all the information necessary for inventory purposes, but also time stamps 
necessary to evaluate the efficiency of the Trestima method. The Trestima data 
collection did not require taking notes in the field and, consequently, is not represent in 
the field sheet, except for the time stamps indicating when the measurements were 
started and finished. 
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The first part of the inventory sheet was reserved for the general data. The 
information or time invested in measuring it was not used in this study. 
The time stamps were collected in the next section of the inventory sheet. The 
“Starting time” was registered first, marking the starting time of the measurements with 
the reference method. Naturally, the traditional measurements were done next, and 
when these were finished an “Intermediate time” was registered, marking both the 
ending time of the reference method and the starting time of the Trestima method. 
Without any breaks, the Trestima measurements (images taken with the mobilephone) 
were done and once finished, an “Ending time” was recorded to mark the ending of the 
Trestima method. The time invested in making the measurements with the reference and 
the Trestima methods could then be calculated from the time stamps in the field sheet. 
The images taken with the Trestima system record also the times when the images 
where taken. From the design of measuring work, the Trestima measurements can be 
assumed to start and end when the first and last images are taken. Therefore, the time 
stamps of those images would correspond to the “Intermediate time” and “Ending time” 
marked in the field sheet. 
The “Starting time” collected in the inventory sheet was consistent at all plots and 
was used as planned. Nevertheless, several problems were found for the field sheet 
“Intermediate” and “Ending” timestamps, and it was decided that the Trestima images’ 
time stamps were more reliable. 
3.5.3 Reference measurements 
The data for basal area angle count was collected as it normally is at variable radio 
plots. That is, for every species, the count of trees filling the BAF in a scan of 360 
degrees around the center of the plot was written to the field sheet. For all the plots, a 
BAF of 1 was used. 
After the basal area measurements had been done, a sample tree was selected for 
every species present in the plot. The sample trees were marked with a blue ribbon so 
that the same trees could be measured later with the Trestima system. For every sample 
tree, the dbh was measured using a steel caliper, from only one direction and with and 
accuracy of 1 cm. The sample trees heights were measured using a Suunto hypsometer 
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and a distance measuring tape, with an accuracy of 1 m. Every species sample tree 
diameter and height were written to the field sheet. 
After the field data collection, the reference data collected was manually written to 
the computer and reviewed for typo mistakes. The time invested in these operations was 
also recorded. The average of this office processing time was then added to the time 
invested in measuring the forest parameters for every plot in the field. 
3.5.4 Trestima measurements 
The Trestima measurements were done immediately after the reference measurements. 
First, the direction where the first basal area image was to be taken from was defined. 
This was done by laying a long stick on the ground, in an arbitrary direction. Next, the 
person carrying the mobilephone walked ten meters in that direction, turned around to 
face the plot’s center and took an image with panoramic perspective. A panoramic 
perspective is always interpreted by the Trestima system as a basal area observation. 
Once the first basal area image had been taken, the operator walked back to the 
center and, walked for another ten meters in the opposite direction to take a second 
basal area image. Finally, other two basal area images were taken in the same way from 
the directions perpendicular to the original direction. This way, four basal area images 
were collected for every plot (fig. 5). The plot’s species specific basal area was then 
estimated as the average of the individual images’ basal area measurements. The 
Trestima system, calculates the plot basal area by species as the average of the species 
measurements obtained from the single images (table 6 and fig. 15). 
Table 6. Example of calculation of basal area by species measured from individual images and plot’s 
total basal area, inventory plot 43. 
plot_id img_id pine_ba spruce_ba birch_ba aspen_ba other_ba Img_tot 
43 1 0.00 17.76 13.17 0.00 0.00 30.94 
43 2 0.00 5.69 30.00 11.90 0.00 47.60 
43 3 0.00 1.27 34.59 0.00 0.00 35.87 
43 4 0.00 7.22 26.43 0.00 0.00 33.66 
Average by species: 0.00 7.99 26.05 2.97 0.00 
        
Plot's total basal area = 0 + 7.99 + 26.05 + 2.97 + 0 = 37.02 
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Image 1 
 
Image 2 
 Image 3  Image 4 
Fig. 15. Example of basal area images, inventory plot 43.After the basal area 
images, the dbh and height were measured (by taking images) from the same sample 
trees that were measured with the reference method. Only one image per tree and 
parameter was taken. The dbh and height images are taken in portrait perspective (see 
figs. 16 and 17). Some of the Trestima images for dbh and height had bad quality and 
could not be used and in one case. Also the reference measurements for one tree 
diameter and height were missing. Only paired valid measurements (reference and 
Trestima) were used in the analyses. 
Fig. 16. Measurement of tree dbh with Trestima. Left, a detail of the measurement procedure (Trestima 
2015). Right a draft of the dbh measurement in the plot. 
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Fig. 17. Measurement of tree height with Trestima. Left, a detail of the measurement procedure (Trestima 
2015). Right a draft of the heigh measurement in the plot. 
 
The order to follow when making the Trestima measurements (basal area, tree dbh 
and tree height) was not specified to the field teams and might have varied from the 
order explained above. 
The mobilephones did not have internet connection in the forest, so the images were 
uploaded to the Trestima server once the field team was back at the office, often the 
morning after the measurements had been done. 
Once the whole dataset had been collected the Trestima measurements were 
reviewed at the office (using the cloud service via a web browser). Based on the 
reviews, a few corrections were made manually or by the Trestima service on request 
(some of the corrections are not allowed to be made by the user). A few images with 
very bad quality were removed from the dataset. The diameter and height images were 
carefully reviewed and the automatically identified species corrected when necessary. 
For these corrections, the reference data was used when necessary. The intention was to 
reduce as much as possible the errors coming from tree species identification and the 
effect of bad images. The species identification accuracy was not an objective in this 
thesis and, thus, information about these corrections was not collected. 
After the corrections had been made, the data from the Trestima system was 
downloaded, using the system’s API, as individual image measurements. The diameter 
and height image measurements were used directly, as one image corresponds to one 
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measurement. The species specific and total basal area estimation for each plot was 
calculated as the average of the corresponding individual images measurements. This 
way, the Trestima measurements were reorganized to correspond with the 
measurements of the reference method. 
The time invested in the review operations of the Trestima measurements was also 
recorded and an average was added to the Trestima measurement time of every plot. 
The Trestima service has a fee for every image processed in their cloud service. The 
effects of this fee have not been taken into account in this study. 
3.5.5 Efficiency measurements 
For the efficiency study, two main parts were accounted for: the time invested in the 
collection of field measurements (reference method) or images (Trestima); and the time 
invested in reviewing and correcting the data collected with each method. As mentioned 
earlier, only the starting time of the reference method recorded in the field sheet was 
used. The other timestamps were obtained from the Trestima images. In the end, the 
total time for the reference method, for every plot, is defined as the sum of: 
o Field time: “Starting time” from the field sheet to Trestima’s first image 
timestamp, and 
o Office time: an average of the time invested in typing the inventory 
sheets to the computer and reviewing them. 
And the total time for the Trestima method, for every plot, as the sum of: 
o Field time: Trestima’s first image timestamp to Trestima’s last image 
timestamp 
o Office time: an average of the time invested in reviewing the images in 
the web interface and making the necessary corrections 
For the purposes of this study, it would have been better to assign a person whose 
only task would have been measuring the times used to take the measurements using 
each of the methods, as has been done in other similar studies (Kangas et al, 2002). This 
was not considered possible for this project as resources were limited.  
 
Evaluation of a Mobilephone Application for Sample Plot Measurement in Russia 
 
29 
4 RESULTS 
4.1 Accuracy of the basal area measurements 
The accuracy of the Trestima basal area measurements was calculated in relation to the 
reference measurements obtained using an angle gauge with basal area factor of 1.  
4.1.1 Accuracy analysis of basal area measurements 
The analysis of the plots’ total basal area (table 7) indicated a bias in the Trestima’s 
estimates of 1.2 m2/ha (3.7%) and a RMSE of 9.3 m2/ha (28.3%). This indicated that the 
Trestima system tended to give underestimates for the plot’s total basal area. The paired 
t-test results indicated that the differences between the reference and the Trestima 
measurements were not significant and might be due to chance (p > 0.05). 
Table 7 shows the results for the plot’s total basal area in the ‘Total’ column, the 
other columns show the results for the species specific basal areas. Fig. 18 shows a 
scatter plot with the comparison of the Trestima measurements and the reference data. 
 
Table 7. Species specific and total basal area accuracy estimations. 
  Pine Spruce Birch Aspen Other Total 
Bias (m2/ha) 0.4 -1.1 0.4 1.8 -0.1 1.2 
Bias (%) 18.3 -5.9 5.8 34.1 -20.9 3.7 
RMSE  (m2/ha) 3.1 7.6 4.5 5.4 1.3 9.3 
RMSE (%) 152.2 42.4 61.0 103.6 308.6 28.3 
Paired t-test Pine Spruce Birch Aspen Other Total 
T 1.5 -1.7 1.2 4.3 -0.8 1.7 
P 0.134 0.083 0.239 2.5E-05 0.399 0.100 
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Fig. 18. Plot total basal area, reference vs Trestima measurements. The diagonal line is the 1/1 line and 
the distance from to it represents the difference between the two measurements. 
 
When considering the species specific basal area observations (table 7 and fig. 19) 
the analysis gave biases that vary between -1.1 and 1.8 m2/ha (-20.9 to 34.1%) and 
RMSE between 3.1 and 7.6 m2/ha (42.4 to 152.2%). The results for the “Other” species 
were very influenced by the fact that most plots have a basal area of zero. 
The results for pine, birch and aspen followed the trend of the total plot 
measurements and gave underestimates for the basal area. The results for the spruce 
species didn’t follow the results obtained for the total basal area and showed a bias of    
-1.1 m2/ha (5.9%), indicating that the Trestima measurements were overestimates. 
Except for aspen, the t-test results showed that the differences between the reference 
and the Trestima measurements were not significant. For aspen, the bias was 1.8 m2/ha 
(34.1%) and the t-test indicates that the difference was statistically significant. 
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Fig. 19. Basal area observations by species, reference vs Trestima measurements. A total of 156 
observations (1 per plot) for every species. 
4.1.2 Accuracy analysis of basal area measurements by plot type 
When the plots in the dataset are stratified by dominant species, most of the plots were 
whether mixed plots (96) or spruce dominated plots (42). There were only a few plots 
dominated by pine, birch and aspen (8, 5 and 4 plots, respectively). The plots and 
analysis results for these species are presented in table 8. The results for the pine, birch 
and aspen dominated stands should be interpreted with caution since they were 
calculated from a limited number of samples. 
The results of the analysis of the plot total basal area for different plot types were in 
agreement with the trend obtained for the full dataset, that is, the Trestima system 
results were underestimates. The results gave a bias of 0.7 m2/ha (2.0%) for the mixed 
stands and 1.8 m2/ha (5.5%) for the spruce stands. The t-test results indicated, that the 
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differences between the reference and the Trestima measurements were not significant 
(table 8, fig. 20), similar result to those seen earlier for the whole dataset. 
 
Table 8. Total basal area accuracy estimations, plots stratified by species composition. 
  Mixed Pine Spruce Birch Aspen 
Bias (m2/ha) 0.7 0.3 1.8 1.6 8.5 
Bias (%) 2.0 1.3 5.5 7.7 17.1 
RMSE  (m2/ha) 9.8 3.4 9.5 3.9 11.3 
RMSE (%) 28.9 17.4 28.2 19.0 22.7 
Paired t-test Mixed Pine Spruce Birch Aspen 
t 0.7 0.2 1.3 0.9 2.0 
p 0.493 0.850 0.213 0.426 0.141 
 
 
 
Fig. 20. Plot total basal area for mixed (left) and spruce (right) stands, reference vs Trestima 
measurements. The diagonal line is the 1/1 line. 
 
In the study of the species specific basal area at the mixed stands, the bias indicated 
overestimation for spruce (bias of -2.2 m2/ha) as opposed to the general trend of the plot 
total basal area estimations. Pine and birch were almost unbiased while aspen was 
underestimated (bias of 2.4 m2/ha). See table 9 and fig. 21 for more details. 
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Table 9. Species specific basal area accuracy estimations in mixed forest stands. 
  Pine Spruce Birch Aspen Other 
Bias (m2/ha) 0.6 -2.2 0.3 2.4 -0.2 
Bias (%) 36.9 -13.9 2.6 37.3 -63.0 
RMSE  (m2/ha) 3.1 7.2 5.3 6.3 1.3 
RMSE (%) 190.5 45.8 55.1 97.1 469.0 
Paired t-test Pine Spruce Birch Aspen Other 
t 1.9 -3.1 0.5 4.1 -1.3 
p 0.057 0.002 0.648 1.0E-04 0.190 
 
 
 
 
 
 
Fig. 21. Species specific basal area observations for mixed stands, reference vs Trestima measurements. 
A total of 156 observations (1 per plot) for every species. The diagonal line is the 1/1 line.  
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Table 10. Species specific basal area accuracy estimations in spruce dominated stands. 
  Pine Spruce Birch Aspen Other 
Bias (m2/ha) -0.4 1.5 1.0 0.0 -0.1 
Bias (%) -228.6 4.9 35.3 5.9 -40.0 
RMSE  (m2/ha) 3.1 9.7 2.7 1.4 1.0 
RMSE (%) 1870.1 32.4 99.2 355.6 409.9 
Paired t-test Pine Spruce Birch Aspen Other 
t -0.8 1.0 2.4 0.1 -0.6 
p 0.435 0.330 0.019 9.2E-01 0.534 
 
 
Fig. 22. Basal area observations by species for spruce stands, reference vs Trestima measurements. A 
total of 156 observations (1 per plot) for every species. The diagonal line is the 1/1 line. 
The study of the species specific basal area estimations at the spruce stands, showed 
clear differences with the mixed stands. The basal area estimations for spruce and birch 
were underestimated (bias of 1.5 and 1.0 m2/ha respectively), which was in accordance 
with the general trend of the plot total basal area estimations. Pine and aspen were 
rarely present in the spruce dominated stands. See table 10 and fig. 22 for more details 
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4.2 Accuracy of the diameter measurements 
The accuracy of Trestima’s dbh measurements was calculated using the reference dbh 
measured in the field with steel calipers. When all the diameter observations (from all 
plots and species) were analyzed together, the bias was found to be -2.1% 
(overestimation) and the RMSE 6.8% (table 11, fig. 23). The results indicate that the 
Trestima system tended to overestimate the measurements for the diameters. 
 
Table 11. dbh accuracy estimations. 
  Pine Spruce Birch Aspen Other All obs 
Bias (cm) -0.3 -0.7 -0.4 -0.3 -0.1 -0.5 
Bias (%) -1.3 -3.5 -2.1 -0.9 -0.6 -2.1 
RMSE  (cm) 1.5 1.3 1.5 1.9 1.5 1.5 
RMSE (%) 5.5 6.9 7.4 6.5 7.9 6.8 
Paired t-test Pine Spruce Birch Aspen Other All obs 
t -1.5 -6.8 -3.2 -1.2 -0.3 -6.2 
p 0.133 3.9E-10 0.002 0.252 0.762 1.5E-09 
 
 
When the diameters are reviewed by species, the same trend is followed and all the 
species dbh were found to be overestimated, with a RMSE from 5.5 to 7.9% (table 11, 
fig. 24). Spruce and birch presented the largest biases and the t-test analysis indicated 
that the differences are significant for these species. The t-test results for measurements 
for pine, aspen and other species showed that the differences between the reference and 
the Trestima measurements of dbh were not significant.  
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Fig. 23. All observed diameters at breast height (dbh), reference vs Trestima measurements. 
The diagonal line is the 1/1 line. 
 
 
 
Fig. 24. Observed diameters at breast height by species, reference vs Trestima measurements. 
The diagonal line is the 1/1 line. 
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4.3 Accuracy of the height measurements 
The accuracy of Trestima’s height measurements was calculated by using the reference 
heights measured in the field with a hypsometer. All the height observations (from all 
plots and species) were analyzed together and the bias was found to be 2.4 m (11.3%) 
and the RMSE 3.7 m (17.5%). The results (table 12, fig. 25) indicate that the Trestima 
measurements had a clear tendency to underestimate the tree heights when compared 
with the reference method, and the t-test results indicated that the differences were 
significant.  
When the species specific tree heights were reviewed, it could be noticed that the 
biggest errors were concentrated on the deciduous species. Bias results of 2.7 m 
(12.6%) and 4.3 m (16.7%) were found for birches and aspens respectively (table 12, 
fig. 26). The RMSE errors for pine, spruce, birch and aspen were 14.1%, 14.6%, 18.6% 
and 19.7% respectively, also higher for the deciduous species. In all the cases, except 
for the “Other” species, the t-test indicated that the measurements underestimations 
were significant. 
 
Table 12. Tree heights accuracy estimations. 
  Pine Spruce Birch Aspen Other All obs 
Bias (m) 1.8 1.6 2.7 4.3 -0.1 2.4 
Bias (%) 8.3 8.5 12.6 16.7 -0.8 11.3 
RMSE  (m) 3.1 2.7 4.0 5.1 2.7 3.7 
RMSE (%) 14.1 14.6 18.6 19.7 17.3 17.5 
Paired t-test Pine Spruce Birch Aspen Other All obs 
T 4.5 8.0 9.7 12.5 -0.2 15.8 
P 5.5E-05 7.6E-13 2.7E-16 1.1E-18 0.862 1.0E-42 
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Fig. 25. All observed tree heights, reference vs Trestima measurements. 
The diagonal line is the 1/1 line. 
 
 
 
Fig. 26. Observed tree heights by species, reference vs Trestima measurements 
 The diagonal line is the 1/1 line. 
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4.4 Efficiency of Trestima vs traditional basal area measurements 
The analysis of the measurement efficiency, where the same team of 2 people 
measured the same plot with the two systems, indicated a mean difference of 1.6 
minutes. That is, the Trestima method was faster than the reference method when 
measuring the same parameters, using a team of two people (table 13, “Ref and Trest 2 
persons”). The paired t-test indicated that the difference between the times needed by 
each method are very significant and, thus, strongly suggesting that the Trestima 
method is indeed faster than the reference one. 
Table 13. Reference vs Trestima plot time measurements 
  
Ref and Trest 
(team of 2 people) 
Ref (team of 2 people) 
and Trest (team of 1 person) 
Mean dif (min/plot) 1.6 5.0 
Bias (%) 14.8 47.1 
RMSE  (min/plot) 5.0 6.4 
RMSE (%) 47.2 59.6 
Paired t-test Ref and Trest Ref 2 persons 
t 4.1 15.9 
p 7.1E-05 2.5E-34 
   
   
 
 
Fig. 27. Comparison of reference and Trestima measurement times. Considering two people teams for 
reference and Trestima (left) and considering reference using two people and Trestima only one (right). 
Considering that the Trestima measurements could be made, as experience seems to 
show, by a single person, the differences between the times needed to measure the 
sample plots with the reference and Trestima methods would be bigger. Fig. 27 shows 
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the comparison of the times used by the reference method using two people teams and 
the times used by the Trestima method using a team of two persons (left) or one person 
(right). As can be seen from fig. 27 and table 13, if the Trestima measurements would 
be done by a single person, the differences in measuring times between the Trestima 
system and the reference one would very obvious. 
 
5 DISCUSSION 
The measurement of sample plots is a key element in forest inventories. Measuring 
forest parameters is a time consuming task and faster measurement methods are 
welcome, as long as their accuracy and reliability is kept at acceptable limits. 
Variable-radius-plot (VRP) sampling is efficiently used in several forest inventory 
types, it offers fast yet good enough estimations of forest stand parameters. The 
Trestima system uses the same principles as those used in VRP sampling, but replacing 
traditional tools with the use of a mobilephone. The Trestima system offers additional 
advantages like: objective measurements, computer ready data and images stored for 
every measurement. If the Trestima system provided faster measurements than 
traditional tools, yet providing sufficient accuracy, it would offer a very interesting 
alternative. 
The main elements of the Trestima system are: a mobilephone application to collect 
images, computer vision to make image measurements and different mathematical 
models and algorithms to estimate tree species and estimate forest parameters. The 
estimates calculated by Trestima are based in the field images for basal area, tree dbh 
and tree height from forest stands. Those images are then sent to a cloud service where 
the images are processed to obtain estimates of the forest parameters, which are then 
used to calculate forest stand information (e.g. basal area, wood volumes).  
In this thesis, the reference data used to assess the accuracy of the Trestima system 
was obtained with traditional stand-wise sampling tools: an angle gauge, a steel caliper 
and a hypsometer. This also means that the reference data contains errors derived from 
the tools used. Furthermore, also errors due to the typical inventory conditions under 
which measurements were collected (as opposed to measurements under controlled 
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conditions) are present in the reference and Trestima data. For the comparisons made in 
this study, we assumed that the reference data contained no errors and was unbiased. 
Therefore, the accuracy estimations obtained are underestimations for all the 
parameters. That is, the Trestima system is likely to perform better than the results 
obtained in this study show. The collection of the Trestima and the reference data were 
done in typical field conditions and for an operational forest inventory, which had 
influence in the accuracy of all measurements. 
For the reference data, the basal area measurements were done from the center of 
the plot. For the Trestima method, the measurements (images) were taken from 
distances of 10 m around the plot’s center, which was presumed to give the best 
estimates for the sample plots. A recent study (Vastaranta et al. 2015), indicates that the 
use of four images, in a similar disposition to the one used in this study, would provide 
the best results for the estimation of the plot’s basal area. 
There are, therefore, important differences between the way that the basal area 
measurements were done. Since both methods use the angle gauge principle, it can be 
expected that not exactly the same trees will be included in both methods, as the 
inclusion or exclusion of one tree depends on the tree’s diameter and on the distance to 
the measuring point (Bitterlich 1984). Nevertheless, it was assumed that since both 
measurements are representing the same forest stand, their results should be similar 
enough for purposes comparison. 
Another difference between the reference and the Trestima’s basal area 
measuremnets is the used basal area factors (BAF). For the reference method a single 
BAF was used at all plots, while Trestima uses a dynamic BAF range from 0.6 to 1.4 
for every measured image (Trestima 2015). This would result in more accurate 
estimates with the Trestima system, but could influence the results of the comparisons 
done in this thesis. 
The reference and Trestima measurements for the tree diameter at breast height 
(dbh) and height were done for the same sample trees. That means, that the errors of 
choosing a tree as the median tree for the forest stand was not considered here, and only 
the accuracy of the parameter measurement was studied. 
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The accuracy of the Trestima measurements and efficiency was analyzed by 
looking at the bias, the RMSE, the Student’s t-test and with scatter plots with a 1/1 line. 
For all the collected reference data, since measurements have been done as part of a 
real inventory, the focus has been in the productivity and it can be assumed that they 
may contain errors other than those normal to the tools. It would have been interesting 
to have reliable measurements of the plots forest parameters, for example from 
harvesting operation results or by measuring all trees in the plot. That way, more 
accurate and reliable estimations of the Trestima system’s performace could be 
obtained. 
Despite the above mentioned considerations, the results obtained in this study from 
the comparison between the Trestima results and the reference data should still give an 
idea of how the Trestima measurements relate to those obtained with the traditional 
tools. 
The basal area analysis was performed first with the whole plots dataset and then 
with the plots stratified by dominant species (mixed, pine, spruce, birch or aspen stands) 
to evaluate if the structure of the forest had effects on how the Trestima system 
performs when measuring the basal area. In both cases, first the plot total basal area is 
studied and then the species specific basal area. 
The analyses of the diameter and height parameters and the time efficiency were done 
only with the whole plots dataset, since it was considered that the forest stand structure 
was not relevant for the accuracy of these measurements. 
5.1 Basal area 
The study of the Trestima’s measurements for the plots’ total basal area indicate a 
RMSE of 9.3 m2/ha (28.3%), and a bias of 1.2 m2/ha, which indicates that the results are 
underestimates (table 7). These error estimates are in line with those normally obtained 
with the use of angle gauge methods. For example, Laasasenaho and Päivinen (1986) 
found the standard deviation to be 16-21% for relascope measurements. Saari and 
Kangas (2005) found that relascope estimations were biased (underestimation of 5.75 
m2/ha) and with a RMSE of 24%. The accuracy for basal area estimations using an 
angle gauge has also been said to be very subjective to the person making the 
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measurements. For example, Haara and Korhonen (2004) have found that it can vary 
from a RMSE of 6.4% to 24.5%, depending on the person taken the measurements. 
Fig. 18, compares the reference and Trestima total basal area data and shows a wide 
spread of the differences that perhaps could be explained by the relations between the 
biases of both methods and by other inventory error sources. Another possible cause 
could be that the measurement points are not exactly the same in each method (plot’s 
center versus 10 m from the plot’s center). A recent study on the Trestima system 
(Vastaranta et al. 2015), where the reference basal area was calculated using tree-wise 
inventory data, shows much less dispersion around the 1/1 line in the scatter plot for the 
same type of analysis. The same study found that the RMSE obtained for the plot total 
basal area estimations was 20.5% when using four images, very similar to those 
typically obtained for traditional angle gauge devices. 
Based on the results of recent studies about the Trestima’s accuracies for basal area, 
Trestima is studying the effects of using a dynamic BAF range different from the 
currently 0.6 to 1.4 range, for the interpretation of the basal area images. Especially an 
increase in the maximum BAF limit has been said (Trestima’s own studies) to correct 
for the systematic underestimation in total basal area. Nevertheless, there is no official 
studies about the effects of using different dynamic ranges. These suppositions on the 
effects of the BAF, are in line with the results found in Saari and Kangas (2005), where 
they concluded that, using small BAFs in dense stands produced clear underestimations 
which could be corrected by using larger BAFs. 
The analysis of species specific basal area measurements indicates that Trestima’s 
estimations would behave differently depending on the species being estimated. An 
overestimate of the basal area for Norway spruce (bias -5.9%, RMSE 42.4%) and an 
underestimate for aspen (bias 34.1%, RMSE 103.6%) were found. The data collected in 
this study was not enough to explain what the reasons for these errors could be. Besides 
the error sources related to the reference data and the inventory conditions, it is possible 
that part of this error is coming from the difficulties in species identification by the 
Trestima system. Although, the species identification by Trestima seemed to work well, 
a number of errors, especially from basal area and tree height images, were observed in 
the automatic measurements. Whenever visual interpretation allowed for it, species 
identification errors were manually corrected before the analysis of the data, but most 
Evaluation of a Mobilephone Application for Sample Plot Measurement in Russia 
 
44 
probably some errors remained. It was not an objective in this thesis to study the 
accuracy of Trestima’s species identification and, thus, information about the 
corrections made was not collected. Further studies on the species identification of 
Trestima would be necessary, since they seem to have an important effect on the 
accuracy of the species specific estimations of all forest parameters (table 7, fig. 19). 
When the plots dataset was stratified by species composition, the results for the plot 
total basal area were very similar to those obtained for the full dataset. For all the types 
of forest stands (mixed, pine, spruce, birch, aspen dominated stands), the Trestima 
system gave underestimations for the basal area, with a RMSE from 17.4% to 28.9% 
(table 8, fig. 20). 
Most of the plots were whether mixed stands (96 plots) or spruce dominated stands 
(42 plots). The species specific estimations of basal area in these two types of plots 
(tables 9 and  10; figs. 21 and 22) indicated that spruce basal area in mixed stands was 
overestimated (bias -13.9%, RMSE 45.8%) while in spruce dominated stands it was 
underestimated (bias 4.9%, RMSE 32.4%). On the other hand, the basal area for aspen 
was underestimated in mixed stands (bias 37.3%, RMSE 97.1%). If the results from 
Saari and Kangas (2005) were generalized for species specific basal areas, these 
differences may be interpreted as the result of the effects of the sizes of the BAF used, 
combined with the density of a specific species in the stand at hand. For the rest of 
species, the results did not vary much from those obtained with the full dataset. These 
results seem to indicate that the accuracy of the Trestima estimates for species specific 
basal area might be significantly affected by the forest stand structure, especially for 
spruce and aspen species. 
In general, the results of basal area estimations would be also affected by the lack of 
corrections for terrain slope and possible trees hidden behind bigger trees which the 
Trestima system does not take into account yet. According to the system developer 
(Trestima Ltd.), corrections for these error sources could be implemented in future 
developments by using, for example, different models and information from the  
different sensors of the mobilephone. 
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5.2 Diameters and height 
The study of the errors for tree diameter and height were done by comparing the 
measurements of the same trees done with a caliper and hypsometer respectively, with 
those from the Trestima system. Other studies dealing with the estimation of the 
diameter and height measurements accuracy in stand-wise inventories (e.g. Kangas et 
al, 2002), use parameters calculated from accurate measurements of sample plots as 
reference. In such studies, the dbh of all trees inside the plot and several or all tree 
heights are measured.  
In this study, the error due to the selection of the median sample tree was not 
accounted for (since the same tree was measured with both methods) and thus, the 
results indicate only the accuracy of the Trestima system for the measurement of tree 
diameter and height compared with the caliper and hypsometer measurements 
respectively. 
Errors like the direction from which the diameter was measured or the decision on 
the height from where the measurement is taken (intended at 1.30 m) could not be 
accounted for. 
The accuracy estimations obtained for the diameter measurements with Trestima 
were overestimations with a bias of -0.5 cm (-2.1%) and a RMSE of 1.5 cm (6.8%) for 
the full dataset (table 11, fig. 23). The species with the biggest overestimations was 
spruce (bias of -3.5% and RMSE of 6.9%). The overestimations obtained for spruce and 
birch, were found to be significant in both cases, which indicates that the differences 
were due to the Trestima instrument. Nevertheless, the absolute errors were quite small. 
For the rest of species, the differences were not significant and could be due to chance. 
It was not possible to determine what the reason for the differences between species 
could be.  
In reference to the measurements with steel caliper, Hyppönen and Roiko-Jokela 
(1978) have indicated a standard deviation of 0.27 cm (1.4%) for the repeated 
measurements of diameters by different operators. Päivinen et al (1992), using reference 
measurements and millimeter accuracy, reported a RMSE within 0.16 cm to 0.42 cm 
(0.7% to 1.2%), depending on tree species. Other devices have been tested with similar 
results to those obtained here with the Trestima measurements. The laser-relascope 
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(Kalliovirta et al., 2005) have been reported to give overestimations (bias 1.3 mm and 
standard deviation of 4.7%). Varjo et al. (2006) reported overestimations (bias 0.06 cm 
to 0.28 cm, RMSE 7.0 mm to 9.4 mm) for diameter estimates using a simple digital 
camera. Melkas et al. (2009) studied the accuracy of laser and digital camera based 
techniques, where the laser based automated measurements were overestimates with a 
bias of 0.88 cm (6.1%) and the digital camera (Canon EOS 400D) based semi-automatic 
measurements were overestimates with a bias of 0.25 cm (2.3%). 
Also the accuracy study of the height measurements focuses in the accuracy of the 
Trestima system, and not in the accuracy of the measurement as an estimation of the 
plot’s median tree height. Measurements of the same sample trees were done in every 
plot with the reference and the Trestima systems. The reference measurements were 
done using a Suunto hypsometer, which has been reported by Lindgren (1984) to give 
standard errors varying from 0.4% to 0.8%. Hyppönen and Roiko-Jokela (1978) 
reported underestimations with a bias of 0.38 m. Other studies show similar results for 
the standard deviation, e.g., Titus and Morgan (1985) reported 0.95 m. 
The Trestima system approach to the tree height measurements, follow that of the 
tangent method where a reference object of known dimensions (the Trestima stick) and 
the angles of vision to it and the tree top are used to estimate the tree height. The 
tangent method has been reported to give underestimations of 0.23 meters (mean error), 
for the measurements of tree height of some conifer species and under optimal 
conditions (Larsen et al, 1987). 
Besides the possible tendency of the Trestima system to underestimate the height 
measurements, the quality of the Trestima measurements (height images quality) used 
in this study was far from optimum. It could be observed that most of the images have 
been taken without special care in having a clear visual of the tree top, which is vital to 
obtain reliable measurements. Several images show plenty of branches, which affects 
greatly the accuracy of the measurements because the tree tops become hard to 
differentiate. In several occasions, not even the full tree was in the image and, thus, the 
tree height measurement was naturally underestimated. It could have been possible to 
eliminate some of the images where the tree top was missing, but since the 
measurements were correctly done in the image (from the stick to the image’s upper 
limit), they were left in the dataset, so that the effects of this issue could be seen in the 
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results. But, as it can be understood, using these incorrect images exaggerates the 
overestimation errors obtained here. 
The results obtained for the tree height measurements showed large 
underestimations. For the whole dataset of tree heights collected, the bias was 2.4 m 
(11.3%) and RMSE was 3.7 m (17.5%) (table 12, fig. 25). When visually reviewing the 
Trestima height images, it seems clear that the problem with branches obstructing the 
visibility of the tree crowns is more relevant for deciduous species. The clearer crown 
structure of pine and spruce species might be one of the reasons why their accuracies  
(RMSE of 14.1% and 14.6% respectively) are better than those of birch and aspen 
species (RMSE of 18.6% and 19.7% respectively) (fig. 26). It is not clear if the results 
would differ so much between these species if the images would have been taken with 
more care. 
5.3 Measuring times 
Although 156 plots were used for the study of the forest parameters, some problems 
with the phones used to collect the Trestima images caused that two plots needed to be 
removed from the analysis. The times collected for those two plots were not reliable as 
they present large breaks between measurements and the correct duration of the 
measurements with each of the methods could not be stablished. The study of the 
Trestima method efficiency was done using the remaining 154 plots. 
The collection of general information was not timed as it is a common constant to 
the plot measurements in both methods. Furthermore, one of the most time consuming 
parts of any field inventory is the travel time to the inventory area and finding the 
accurate location of the forest stands or plots to be inventoried. Thus, the efficiency 
results obtained here for the Trestima method should be interpreted as part of the full 
work-flow of the field inventory. 
The results obtained from the comparison of the measured times for the reference 
and Trestima systems indicate that the later was 1.6 minutes faster in average. This 
difference in time invested between both systems was found to be statistically very 
significant. This means that, for the case of this experiment, the Trestima system can be 
definitely considered faster, although the mean difference may not look very big. 
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There were some problems with the collection of the time stamps representing the 
beginning and ending of each of the methods, but the final timestamps used should be a 
good approximation of the reality (table 13, fig. 27). Only the “Starting time” collected 
in the field-sheet was used to calculate the times invested by each method. The rest of 
the times were taken from the Trestima images’ timestamps. The main reason was that 
the difference between the Trestima method starting time that was collected in the field 
and the first Trestima image’s timestamp would normally be from 0 to 2 minutes, but in 
most occasions it was 4 and even up to 10 minutes when looking at the field sheets. 
This may indicate that a short break was taken or some other problem had occured. In 
other cases, the time difference was negative which might indicate that the field team 
started measuring with Trestima and only later remembered to write down the time. 
Similar conclusions can be drawn for the difference between the time stamp for the last 
Trestima image and the ending time written to the field sheet. 
The visual selection of the median trees was done in all cases during the reference 
measurements part, time that is accounted only to the reference method. Also the 
marking of the trees was done during the reference measurements, even though it is not 
an action normally done. Even more, in some cases, it is possible that the field team had 
set the Trestima stick on some of the median trees while still working on the reference 
measurements, adding again extra time to the reference method. These types of 
problems could not be avoided during this study but it was considered that they do not 
have a big effect in the final results. 
On the other hand, the Trestima measurements, which were done here by two 
people, can be easily performed by one single operator. From other experiences, the 
measuring time needed by a single person, has been observed to be similar to that used 
by a team of two persons. The reference method performs clearly much better when two 
people teams are used, mainly due to the need to write down the measurements and 
measuring distances to trees for tree height measurement. In turn, the same 
measurements could be done by a single person using the Trestima method. 
Nevertheless, these measurements were done by the same team of two people. If these 
assertions are assumed true, the field times measured for the Trestima method could be 
divided by 2. More studies are needed to confirm these ideas, but in the theoretical case 
that they were true, the times differences between both methods would grow 
considerably. Table 13, shows that the time invested with Trestima would be up 5.0 
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minutes shorter than the reference measurements. Since the reference method averaged 
10.7 minutes (table 6), the Trestima system potentially would be about two times faster. 
For safety reasons, it is possible that the field teams should still be formed of two 
people. Nevertheless, it would still be possible having the one person teams measuring 
different plots, thus double the plots would be measured with the same amount of man 
hours (when not considering travelling from plot to plot or to other inventory areas). 
 
6 CONCLUSIONS 
The Trestima forest inventory system was evaluated during an operational inventory in 
typical field conditions in Russia. The accuracy of several forest parameter 
measurements was estimated. The methods efficiency for measuring basal area and 
sample tree dbh and height was also studied. The data used in this study was collected 
simultaneously for both methods using VRP sampling. 
The most interesting finding about the basal area estimates was that the accuracy of 
the different Trestima measurements are similar to those achieved using traditional 
angle gauge methods. Such results were obtained even though the field personnel did 
not have previous experience in the use of the mobilephone nor the Trestima 
application. The total basal area estimates in this study had and RMSE of 28% for 
Trestima, while previous studies by Saari and Kangas (2005) found a RMSE of 24% for 
the reference method. The results for the species specific basal area estimates were not 
that good, perhaps due to problems with species recognition. Especially for spruce and 
aspen species that had a RMSE of 42.2% and 103.6% respectively. It must be noted that 
the observations included those plots where a species was not found. This added many 
observations with value 0 m2/ha to the reference data, which in turn made the average 
value of the reference species specific basal area quite small.. That means that the 
relative RMSE values became very large in some cases although the absolute error was 
not that big. 
From the accuracy results for tree dbh, it was found that the diameters were usually 
overestimated but the bias was only of 2.1% (0.5 cm) which may be acceptable for 
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many applications. There were no relevant differences in the results for the different 
species. 
For the measurement of tree height, there were large errors in the Trestima’s 
estimates All the tree heights for the different species were underestimated with a 
RMSE between 14.1% and 19.7%. Perhaps the most important factor for these errors 
was the poor quality of the images, which could have been avoided in most of the 
situations with more training of the field personnel. But, even with better quality images 
it could be expected that this trend would remain, as it is inherent to the tangent 
measurement method on which Trestima is based. 
The efficiency study shows a clear advantage in efficiency of the Trestima system 
over the use of traditional tools. Trestima measurements were done, in average, 1.6 
minutes faster than when using the traditional tools. One of the most interesting 
opportunities that the Trestima system presents is the possibility of measuring forest 
plots by a single worker. In the theoretical situation that only one worker would be 
making the measurements, the average difference grows up to 5 minutes. Although the 
measured times only reflect the time expended in measuring some of the stand 
parameters, the advantage of the Trestima system over the traditional tools is obvious. 
More research should be done on all the characteristics studied here for the 
Trestima system, in order to confirm the results. Measurements under controlled 
conditions and with accurate reference data will help better understand what the actual 
capabilities of the system and what its main problems are. 
There were many interesting characteristics that were not studied in detail in this 
study but become clear while making this study: 
• The possibility of reviewing singular measurement images in the office, 
offers not only a possibility to decide on the quality of the measurement, but 
also allows for the visualization of the forest stand and trees that were 
actually measured. The advantages of this extra information could be 
studied further, e.g. number of basal area images used, estimation of forest 
or tree health … 
• Taking pictures with a camera (or the mobilephone) is much simpler than 
having to write down the data has to an actual paper sheet. This avoids 
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errors common to manual data input first to the paper and then to the 
computer. Problems understanding handwriting or mistakes when typing the 
field data to a computer spreadsheet are avoided. 
• Having the data directly available in computer format allows for the easy 
automation of data management. 
• It is possible to follow the reported basal area, volumes, tree diameters and 
heights both in the field and in the office, as long as there is an active 
internet connection. 
• The results are less dependent on the field operator, especially for basal area 
estimations which have been reported to vary largely between measurements 
of different operators (Haara and Korhonen, 2004). 
Some drawback and potential improvements to the system came also across when 
working with the data: 
• The image measurements could be reviewed in the mobile phone for only a 
few seconds after being taken. There was no possibility to review them 
afterwards in the field. The possibility of reviewing and eliminating an 
image in case of doubt would allow correcting image measurements. This 
would make the data more consistent by avoiding double measurements and 
by making it easier confirming that correct images of all the parameters have 
been taken. 
• Working with the mobilephone in all weather conditions have not been 
tested. Rain and high humidity presented problems during the data 
collection for this thesis. Battery life maybe a problem, especially in cold 
weather conditions although this problem can be partly solved by the use of 
supplementary batteries. 
• Accuracy of the GPS position of the camera pictures has been found to 
be quite reliable in our data. Nevertheless, the accuracy of the GPS may not 
be enough for some applications or in different conditions (like densely 
forested areas). Alternative solutions, like attaching a GPS receiver to the 
mobilephone could. 
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APPENDIX I - FIELD INVENTORY SHEET 
 
Plot's general information - Measurements are common to all the methods, no times logged. 
Time stamps -  
“Starting time”, logged after measuring the plot's general information, the traditional 
method measurement are started... 
“Intermediate time”, logged after measurements with the traditional method are finished, 
the smart-phones' data collection are started... 
“Final time”, logged after data collection with smart-phones' is finished 
Traditional measurements.- angle gauge, and median trees' dbh and H data 
Relascope plot - Field data collected for species specific basal area, tree dbh and tree height. 
